munohistochemistry demonstrated the presence of Leishmania in all 10 dogs. In 15 dogs, a presumptive diagnosis of CL had been established on the basis of symptoms and the presence of tissue lesions suggestive of CL, but immunohistochemistry gave negative or doubtful results. The 10 remaining dogs did not suffer from CL. No lesions were observed in the biopsy specimens from 2 healthy beagles, but various inflammatory skin processes were seen in 8 dogs (2 deep pyodermas, 2 demodectic manges, 2 dermatophytoses, 2 erythema multiforme). In all 10 of these dogs, immunohistochemical staining for Leishmania gave negative results, and they were thus considered negative controls.
DNA was extracted from skin biopsies of each dog using a modified method described previously. 7, 16 Each block was cut and handled with a new disposable razor blade and new gloves to avoid cross-contamination with Leishmania DNA. After cutting each block, the microtome blade, tweezers, and entire cutting area were carefully cleaned with a 0.1 M solution of sodium hypochlorite, which has been reported to break down potentially contaminating DNA. 11 Twenty 5-mthick sections were prepared in an Eppendorf tube from each formalin-fixed, paraffin-embedded skin biopsy specimen. The specimens were deparaffinized by immersion twice for 30 minutes each at room temperature in 1 ml of xylene and were rinsed twice with 1 ml of 100% ethanol for 5 minutes. The samples were centrifuged at 10,000 ϫ g for 5 minutes, and the liquid was decanted between each change. To dry the specimen, 2 or 3 drops of acetone were added, and the sample was placed in a heating block at 45 C. The sections were resuspended in 100 l of tissue digestion solution, consisting of 14 l proteinase K a in 1 ml of digestion buffer (59 mM Tris-HCl, pH 8.5, 1 mM ethylenediaminetetraacetic acid, 0.5% [v/v] Tween 20), and the Eppendorf tubes were then left in a shaking water bath at 37 C overnight. The proteinase K was inactivated by incubating the samples at 95 C for 10 minutes. After centrifuging the samples at 10,000 ϫ g for 10 minutes, the supernatants were used in a PCR for DNA amplification and detection.
DNA from promastigotes of L. infantum (MHOM/FR/78/ LEM-75) from culture in Schneider's medium b containing 20% fetal calf serum was used as a positive control. DNA was obtained by direct lysis of the parasites using 0.1 ml of lysis buffer (50 mM KCl, 10 mM Tris-Cl, pH 8.4, 0.5% Tween-20, 100 g/ml proteinase K) and incubation at 56 C for 3 hours. The proteinase K was inactivated by incubating the samples at 95 C for 10 minutes.
Leishmania-specific oligonucleotide primers SP176 (5Ј-TCTTGCGGGGAGGGGGTG-3Ј) and SP177 (5Ј-TTGA-CCCCCAACCACATTTTA-3Ј) as previously described, 14 were used to amplify a 120-base-pair (bp) fragment of Leishmania kinetoplast DNA (kDNA) minicircles.
PCR was conducted in a 50-l final reaction mixture containing PCR buffer, 2.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.5 M of each primer, 3 l of supernatants of proteinasedigested tissue, and 1.25 U of Taq polymerase. a Reactions were carried out in an automatic thermocycler c with a thermal cycling profile of 31 cycles at 94 C for 30 seconds and 50 C for 2 minutes. Amplified fragments were analyzed by 2.5% agarose gel electrophoresis at 50 volts for 1.5 hours with 25 l of the PCR reaction. A commercially available molecular size marker a was used as a standard for determinating PCR fragment size. After electrophoresis, the gel was stained in 0.5 g/ml ethidium bromide solution for 20 minutes and visualized with ultraviolet illumination.
The specificty of the amplified fragment was assesed using a dot blot hybridization test with the digoxigenin-labeled 120-bp fragment obtained by PCR amplification of pure L. infantum DNA as a probe. 14 A nonspecific eukaryote PCR assay was used as a positive control for the presence of DNA 1 to assure that negative results corresponded to true negative samples rather than to a problem with DNA loading.
Positive amplification, determined by the appearance of the 120-bp specific band in the agarose gel, was observed when DNA from the pure L. infantum culture was used as template in the PCR assay ( Fig. 1 ). PCR of DNA extracted from paraffin-embedded skin biopsies from dogs with characteristic lesions and positive immunohistochemical findings of CL resulted in the amplification of a band of the same size as that obtained from the promastigote culture ( Fig. 1) . PCR did not amplify the 120-bp band in biopsy specimens from dogs with skin diseases other than CL, from 2 healthy beagle dogs, and from 11 of the 15 dogs that were histologically consistent with CL but negative for CL by immunohistochemistry ( Fig. 1) . A positive 120-bp band was seen in 4 of the 15 dogs that were histologically consistent with CL but negative for CL by immunohistochemistry ( Fig. 1) .
PCR is a highly sensitive and specific means of DNA amplification that has been widely used to detect a variety of infectious agents such as viruses, bacteria, and protozoa 10 that may be difficult to demonstrate in clinical specimens by traditional diagnostic methods. 2 The diagnosis of CL is often difficult. Diagnostic methods such as serology, culture in vi-tro, and histopathology all have limitations. Histopathologic diagnosis in CL-endemic areas is a challenge because cutaneous histologic changes associated with CL are highly variable and can mimic those of many different diseases; 8 a definitive diagnosis can be established only if relatively high numbers of intact microorganisms are present. The application of immunohistochemical techniques has improved the diagnosis of CL, 4 despite the presence of some false-negative and doubtful cases. Despite the small sample size, the results of this study suggest that PCR can be a sensitive and specific method for the diagnosis of CL using paraffin-embedded tissue sections.
Using the kDNA minicircle as the template for PCR amplification is advantageous because the copy number in a single organism is in the range of 10,000. In previous studies, DNA corresponding to Ͻ1 promastigote was successfully amplified using a common genus-specific but not species-specific region of the minicircle. 14 The present study incorporated the same PCR primers used in a previous study in human leishmaniosis, 7 introducing some modification in the direct boiling method for extraction of DNA 7, 16 and in the thermal cycling profile. 7 The results obtained in the study were similar in specificity and sensitivity to those of the human study. 7 Formalin and paraffin cause partial DNA degradation. These DNA changes can influence procedures such as in situ hibridization, but PCR assays do not appear to be influenced by fixation and embedment. 7, 12, 13 A nonspecific eukaryote PCR assay was used in this study as a control for the presence of DNA in paraffin-embedded specimens. 1 In most of the PCR assays described previously, the number of paraffin-embedded sections has been small. 7, 13, 16 However, in this study, considering the low number of organisms present in some sections, a higher number of sections (20) was used to increase sensitivity.
Although the sample size was small, these results suggest that PCR is at least as sensitive as immunohistochemistry. Four dogs affected by CL that had been negative by immunohistochemistry were positive with the PCR assay. The reason(s) for the discrepancy in the results is unclear; how-ever, the very low number of amastigotes present in some samples could make immunohistochemical diagnosis difficult.
The PCR technique could be used in CL-endemic areas to routinely evaluate all skin biopsies suspected of CL, either instead of immunohistochemistry or in cases in which immunohistochemistry gave a doubtful result. Moreover, the method could have significant value in retrospective studies of archival material. One drawback to immunohistochemistry is that different polyclonal antisera give slightly different results, necessitating repeated standardizations. The PCR technique described here does not share this problem. Moreover, the PCR primers used amplify the DNA of all Leishmania species, so that cases of CL from different geographic areas can be diagnosed. 14 PCR techniques also can be used to clarify the pathogenesis of some cutaneous granulomatous processes. Some granulomas or pyogranulomas seen in the dog are considered ''sterile,'' 15 i.e., no microorganisms were observed in tissue sections and no microorganisms were cultured. However, these negative results could arise from lack of sensitivity of diagnostic techniques. In areas where CL is endemic, the possibility that certain ''sterile'' granulomas or pyogranulomas are the result of Leishmania infection cannot be ruled out. The results show that the PCR technique is a useful tool for investigating the etiology of such processes. Immunohistochemistry cannot be replaced by PCR totally, but PCR should be considered an aid to immunohistochemistry in the diagnosis of CL from paraffin-embedded tissue sections.
